ABSTRACT. Biofuel tree species are recognized as a promising alternative source of fuel to conventional forms. Additionally, these 9544 S.A. Manzoor et al. ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 9543-9554 (2015) tree species are also effective in accumulating toxic heavy metals present in some industrial effluents. In developing countries such as Pakistan, the use of biofuel tree species is gaining popularity not only for harvesting economical and environmentally friendly biofuel, but also to sequester poisonous heavy metals from industrial wastewater. This study was aimed at evaluating the genetic potential of two biofuel species, namely, Jatropha curcas and Pongamia pinnata, to grow when irrigated with industrial effluent from the Pak-Arab Fertilizer Factory Multan, Southern Punjab, Pakistan. The growth performances of oneyear-old seedlings of both species were compared in soil with adverse physiochemical properties. It was found that J. curcas was better able to withstand the toxicity of the heavy metals present in the fertilizer factory effluent. J. curcas showed maximum gain in height, diameter, and biomass production in soil irrigated with 75% concentrated industrial effluent. In contrast, P. pinnata showed a significant reduction in growth in soil irrigated with more than 50% concentrated industrial effluent, indicating that this species is less tolerant to higher toxicity levels of industrial effluent. This study identifies J. curcas as a promising biofuel tree species that can be grown using industrial wastewater.
INTRODUCTION
Rapid industrialization can have adverse environmental impacts because of excessive production and poor disposal of industrial effluents (Nasrullah et al., 2006) . According to the report of the Pakistan Council of Research in Water Resources (PCRWR, 2004) , only 1% of the industrial effluent from Pakistani industries is treated before being discharged into rivers or other drains; consequently, an excess concentration of arsenic and fluoride has been reported in the water supplies of six major cities. The use of industrial wastewater for growing trees and agricultural crops has been suggested to be a cost-effective way to nurture plants as it eliminates the need for commercial fertilizers (Marecos do Monte et al., 1989) . However, when soil is exposed to such wastewater on a consistent basis, it causes drastic changes to the soil properties, such as pH, electrical conductivity (EC), and nutrient availability (Russell et al., 1988) . These changes to the physical and chemical properties of the soil may eventually pose a threat for sustainable land use. Nevertheless, with regard to combating the increasingly serious issue of industrial effluent and heavy metal toxicity, phytoremediation is considered as a very useful green technology which offers a promising alternative for cleaning wastewater. The technology is friendly to the environment, cost-effective, and aesthetically pleasing. It is also equally effective for removing both inorganic and organic pollutants from water and soil (Yu et al., 2007) . Plants that have the ability to sequester heavy metals in their harvestable biomass are termed hyperaccumulators (Gardea-Torresdey et al., 2004) . Employing plants to remediate waste water is a long-standing practice; for example, Baumann (1885) reported some plant species that have the ability to accumulate heavy metals in their leaves. Subsequently, a number of other researchers have demonstrated that a variety of plant species can be used to remediate waste water and contaminated soil (Kaushik et al., 2005) .
In a list of the major contributors to pollution in the large cities of Pakistan, Sandhu (1993) identified the Pak-Arab Fertilizer Factory to be the largest contributor to pollution in Multan, one of the most populous cities of Punjab Province. The factory releases toxic effluent into the main canal of Multan through a kacha channel without any check. This release of untreated waste threatens around one million acres of highly productive agricultural land. The current study is aimed at evaluating bioremediation of this pollution through use of biofuel tree species. Here, we examine the growth of two species, namely, Jatropha curcas and Pongamia pinnata on soil irrigated with industrial effluent from the Pak Arab Fertilizer Factory to determine whether the toxic effluent can be used to grow these valuable tree species. These biofuel tree species have been selected since they are known bioremediators and are highly valuable in terms of their biomass production. In this study, the effluent from the Pak Arab Fertilizer factory in Multan was characterized and its impact on growth of the biofuel tree species and the physiochemical properties of the soil were assessed.
MATERIAL AND METHODS
The research was carried out at the nursery area of the Department of Forestry, & Range Management, Faculty of Agricultural Science and Technology, Bahauddin Zakariya University, Multan.
The biofuel tree species J. curcas and P. pinnata were grown under four concentrations of 50, 75, and 100%) ; control trees were irrigated with tap water. A completely randomized design, with three replicates, was used for this experiment.
Samples of industrial effluent for irrigation were collected from the Pak Arab Fertilizer Factory located on Khanewal Road, Multan during the peak working hours of the factory. Prior to starting the experiment, a sample of the effluent was tested by the Water Testing Laboratory of the Department of Agricultural Engineering, Bahauddin Zakariya University, Multan for its physiochemical composition using the standard procedures described by the US Salinity Laboratory Staff (1954) . The following parameters were measured in the effluent sample: temperature, color, pH, EC, biological oxygen demand, chemical oxygen demand, dissolved oxygen, total suspended solids, and heavy metals.
One-year-old seedlings of J. curcas and P. pinnata were obtained from a single provenance from the 'Faiz-e-Aam' Nursery, Multan in the first week of March 2012 and were transplanted into pots filled with 6 kg of well drained loamy soil in the same week. The transplanted seedlings were then irrigated with different concentrations of industrial effluent (0, 25, 50, 75, and 100%) from March 2012 to October 2012. Approximately 2 L of liquid were applied to each pot at each irrigation. The irrigation frequency differed from once per day to once per six days, depending on weather conditions. Soil samples were collected from the top 10-15 cm of the soil layer since most nutrient uptake by plants occurs within this zone of the soil (Allen, 1989) . The soil samples were taken to the 'Soil and Water Testing Laboratory For Research', Multan for analysis using the methods described by the US Salinity Laboratory Staff (1954) . The following parameters were measured: soil EC, pH, organic matter content, available nitrogen, available potassium, saturation percentage, and soil texture.
In order to gauge the effect of different concentrations of industrial effluent on the growth performance of the biofuel seedlings, root and shoot lengths, fresh and dry root mass, fresh and dry shoot mass, leaf area, number of branches, number of leaves, and collar diameter were measured.
Although the seedlings were all one-year-old at the start of the experiment they showed a little variation in height and collar diameter. These differences among seedlings might introduce a source of error if absolute changes in shoot height and collar diameter were compared at the end of the experiment. For this reason, the effect of industrial effluent on collar diameter and shoot length was gauged in terms of percentage increase using following formulae: 
Statistical analysis
The data were subjected to statistical analysis using Statistix 8.1 and comparison of means was carried out by applying the LSD test (Steel and Torrie, 1991) .
RESULTS AND DISCUSSION

Effect of fertilizer factory effluent on seedling growth
The physiochemical characteristics of the fertilizer factory effluent are shown in Table 1 . Irrigation of the two tree species with this effluent resulted in reduced growth in shoot length (Figure 1 ) and collar diameter (Figure 2 ) at the higher concentrations of industrial effluent. Compared to controls, J. curcas seedlings showed a 47% increase in shoot length in 75% effluent and a 39.4% increase in collar diameter in 50% effluent; both metrics showed a substantial decrease in 100% effluent. Similar trends were witnessed in case of P. pinnata; the rate of increase in shoot length increased in 10% effluent (7.4% greater mean value than control) but showed a 53% decrease in 100% effluent. The analyses also revealed an increase in number of leaves compared to control of 27 in 75% effluent (Figure 3) , in leaf area of 23 in 75% effluent (Figure 4 ) and of 10% in number of branches in 50% effluent ( Figure 5 ) in J. curcas seedlings. However, irrigation with 100% effluent caused a decrease of 34, 15, and 12% in these parameters, respectively, compared to control. For P. pinnata seedlings, number of leaves increased by 33 in 10% effluent, leaf area increased by 8.5 in 50% effluent and the number of branches increased by 3 in 50% effluent compared to control. However, irrigation with 100% resulted in decreases in these parameters of 40, 9, and 60%, respectively, compared to control. Moreover, root lengths in both species increased when plants were irrigated with lower concentrations of industrial effluent (Figure 6 ). 
Effect of fertilizer factory effluent on plant biomass
After irrigation with 75% effluent, J. curcas seedlings showed a 28% increase in fresh shoot weight ( Figure 7 ) and a 68% increase in fresh root weight (Figure 8 ) compared to the control. However, these two metrics were 30.2 and 40.1% lower than controls in the 100% effluent treatment. Dry weights of shoots and roots increased by 46 and 41%, respectively, compared to control in the 75% effluent treatment. However, after irrigation with 100% effluent, dried weights of shoots and roots were 6 and 50% lower compared to control.
For P. pinnata seedlings treated with different concentrations of industrial effluent, increases of 3.1 and 3.9% were found for fresh shoot and root weight compared to control after 10% effluent treatment. Dried root and shoot weights increased by 16.1% (Figure 9 ) and 10.3% (Figure 10 ) compared to control in the 50% effluent treatment. After irrigation with 100% effluent, dried root and shoot weights were 20 and 180% lower, respectively, than control.
DISCUSSION
At the highest levels of effluent, the reduction in shoot growth and collar diameter was the result of the decrease in chlorophyll content induced by the physiological stress of high concentrations of heavy metals. The likely reason for the enhanced growth of the seedlings at low and medium concentrations of effluent was that the level of dilution reduced the concentration of toxic metals to a tolerable range for seedlings and plants, which then were able to avoid heavy metal stress but at the same time make use of the minerals and other nutrients present in the effluent (Skόrzyńska-Polit and Baszynski, 1995) . Another cause of a decrease in shoot length at the most concentrated levels of industrial effluent is that heavy metals, when transported to above ground parts of the plant, disturb cellular metabolism in the shoots (Shanker, 2003) .
In comparison with shoots, the roots of plants are more sensitive to the stress-inducing effects and toxicity of heavy metals in industrial wastewater since they are first to come into direct contact with the wastewater (Öncel et al., 2000) . In the present study, a similar response was found in J. curcas and P. pinnata plants where root lengths were reduced by 28.3 and 44.1%, respectively, in 100% effluent compared to the control. Vajpayee et al. (2001) reported that the heavy metals present in industrial wastewater can hamper the activity of different enzymes in roots and, thereby, impair root growth. The reduction in root length in the present study might also be attributable to the accumulation of toxic metals in the root mass, which might retard mitotic activity in the meristematic zones of roots to cause a serious decrease in the root growth. The maximum increases in root lengths were observed at lower concentrations of effluent: the highest rate of growth was at 50% effluent for J. curcas and 10% effluent for P. pinnata. Possibly, heavy metals such as magnesium and cadmium are not toxic at these lower concentrations and, thus, roots are able to make use of the higher levels of nitrogen, phosphorus and potassium in the fertilizer factory effluent (Zou et al., 2008) Figure 6 .
The increase in fresh biomass compared to controls in plants grown under low effluent concentration conditions might be due to increased activities of enzymatic and non-enzymatic antioxidants (Chandra et al., 2007) . However, the trend for lower dry weights in seedlings at higher concentrations was observed in both species. This might be due to the increasing concentration of metal elements and sodicity in the wastewater (Shah et al., 2008) , which might adversely affect enzymatic activities through a series of physiological and biochemical changes in the plants (Singh and Bhati, 2003) and ultimately lead to a decrease in water potential and plant growth (Gardea-Torresdey et al., 2004; Peralta et al., 2000) . Reduction in biomass production at higher effluent concentrations in wastewater could have been the result of changes in absorption and translocation of nutrients and biochemical functions due to ion stress (Singh and Bhati, 2003) . 
Effect of fertilizer factory effluent on physiochemical properties of soil
We identified changes in soil EC after irrigation with varying concentrations of industrial effluent (Table 2 ). These changes were likely due to the presence of different types of salts in the industrial effluent (Bishnoi et al., 1993) . The presence of salts may also be the reason for an increase in soil pH (Stewart et al., 1986) . The EC of effluent-irrigated soil samples might have increased because of the high EC of the effluent. This is in line with the reports of Rusan et al. (2007) and Jahantigh (2008) . Thus, higher concentrations of cations, including K and Na, in the effluent might have led to increases in EC and exchangeable Na and K in soils irrigated with wastewater (Khai et al., 2008 ). An increase in organic matter content, which is one possible cause of the increase in soil pH, might be attributed to the high nitrogen levels in the fertilizer factory effluent (Rusan et al., 2007) . These results are in agreement with the findings of Rattan et al. (2005) and Debosz et al. (2002) . Our results have also shown that the available K and P in the soil was increased after irrigation with effluent (Table 2 ). This change is likely due to the higher levels of P and K in fertilizer factory effluent. The presence of minerals in the effluent may also be the reason for the increased chloride levels in the soil (Najafi and Nasr, 2009 ). These results are in agreement with those described in the reports of Narwal et al. (1993) , Brar and Arora (1997), and Olaniya (1998 T 1 = Tap water (control); T 2 = 25% industrial effluent; T 3 = 50% industrial effluent; T 4 = 75% industrial effluent; T 5 = 100% industrial effluent. Values with different letters are significantly different from each other at P ≤ 0.05. Both biofuel tree species studied here showed promising results as bioremediators when grown in soils irrigated with diluted fertilizer factory effluent. However, neither species flourished if irrigated with 100% effluent. A comparison of the two species indicated that J. curcas has a greater ability to withstand the toxicity of industrial effluent as it showed better growth performance after irrigation with 50 and 75% effluent. In contrast, P. pinnata showed
